,'-r‘ I =2

ERDEIGIR o TR s e 2

. . UNCLASSIFIED s
fl(ﬁhi '

- - 2&8(¥;L~
DATE _HL{:,L&,’“ V;K,,,._ﬂ I? Ney 20

"'EXPLOSIVES RESEARCH & DEVELOPMENT
ESTABLISHMENT

REPORT No. 16/R/50 : :

> "
L] , -
0 z [
é - ; = ul
Q—-mgn ©o
tws. O z o
5O%R e EF
Q.. = ﬂ wl o_r =
£ i . 0 - k5
The Nitration of Guanidine Nitrate-=:38 582 2§
<Oax o< = =
macout 323 &8
0 ! - 4
Small Scale Pilot Plant Zz0ors G, O
o<ia’® Bugs g
[a] ) w T
mt__:‘,},r"I—U W;‘éj*g :’
TR, S | Wwen® =3
9, DbE Bz 3
d:’:"'l_'_:qu O-DE akr
ate™ Ju Cuuw -
e, 2 Jd rTzxz0 — AT
S3¥cdy -z E25¢
L O - 2 -
A.W.H. Pryde and T. Martin @0ue® Purt I35
05 ®w2EE UG
ZkF .20 D [
Qz]".l__g "J":I.ll nox
~uaitzs | Bo=Rx = &
<0 Zululs :"';!— l;:—éu
=D D= Fa
zB°02>  Slzz $FS
Orw<y « ez~ AaZo
Eu:.fi_;-'-"'.":;ui 8&3}1'); O
Sr-oOfecr zZz0“W ga:-
a-onglic “u>r= =Y
1:5-;_:"_,:1:- I‘:‘g:ré %2
F8S0ios EREREE
\ yzgi:f &8
20603l eEw
THIS DOCUMENT IS THE PROPERTY OF H.B.M. GOVERNMENT
AND ATTENTION IS CALLED TO THE PENALTIES ATTACHING
TO ANY INFRINGEMENT OF THE OFFICIAL SECRETS ACTS
It is intended for the use of the recipient only, and for communication to such officers under Ennp _,‘h- ; ?’
may require to be acquainted with its contents in the course of their duties, The officers exercising this o
power of: ication are responsible that such information is imparted with due caution and reserve. = F '\
vzp ] Any person other than the authorised holder, upon obtaining possession of this document, by finding or
¢ I"\ otherwise, should forward it together with his name and address in a closed envelope to:-
£ THE SECRETARY. MINISTRY OF SUPPLY, ADELPHI, LONDON, W.C.2. i
\ - Letter postage need not be prepaid, other postage will be refunded. Il person; are héreby warned that
\ the unauthorised retention or destruction of this ducument isan ollbm against the Official Secreis Acts, : "
. Waltham Abbey,
Essex.



il HE L= et o STare e T d g e T e e Y R 4 T A WA ety = B O R R




UNCLASSIFIED

o E.R.D.E. 16/R/50

MINISTRY OF SUFFLY

EXPLOSIVES RESE.RCH ..ND DEVELOPMENT EST..BLISHMENT

REPORT No. 16/R/50

The Nitration of Guanidine Nitrate:
Small Scale Pilot Plant

by

4.W.He Pryde and Ty llartin

This report does not contain classified information of
overseas origin

DISTRIBUTION STATEMENTA
Approved for Public Release
Distribution Unlimited

approvedy

. " " /,.I
Waltham ..bbey spproved for /W . Jghw L1,
Issex Circulation C.H. JOHNSCN /
CeSe s E.R.D.E.




UNCLASSIEIES

DISTRIBUTION

EXTERIL.Liy

M Peils Js/TeT By  (2) |
DI'. Philllps, E.J.S.;.L. ’ t}n"ougil T.P.-h.:' ./T. I‘B.

Ministry of Supply.

Chief Scientist |
CeSe (1)

Teive (air) ReasB., Farnborough

CiSous®e  (2)

.'.‘D .-am.P. (X)

D.M.X.RDe (2)

P.DeSeRe (D)

Chairmnan, S...C.

Sa0sy Bedsls: (37)

Admiralty,
Suptse,; R.N.P.F.
Consultant.

Dr. G. R(“t‘ter, C.Bc, C.B.E.

INTERN..L .

CoBsy E.R.D:Be (2)
S.E.I. (&)

S.C.E. .
Library 52% i
Registry (2

Information Burcau (2 + Stock)

Purther copies of this report can be obtained from Chief
Supcrintendent, Explosives Research & Developanent Establishment,
Waltnan Abbey, Lsscx.

UNCLASSIFIED -




IUNCLASSIFIED

CONTENTS

1ls Introduction.
2, Design Considcrations.
Je Operation of Plant,

Le Conclusions.

Appendix.

e
~ UNCLASSIFIED

f



Reference: XR 441/39,

l. INTRODUCTION.

The nitration of guanidine nitrate with nitric acid and sulphuric
acid has been studied in E.R.D.E. with the following conclusions:=-

1. None of the nitric-acid processes is free from hazard though
all of them are capable of considerably reducing the fuel
usage compared with the existing method of nitrating with a
2,5 to 3:1 ratio of 98, HpB80), to guanidine nitrate,

2, It is possible to nitrate 98/ guanidine nitrate with sulphuric
acid at a 1,5 to 1.6:1 ratio of 98, HoSO) to guanidine nitrate
or at a 1,1:1 ratio of 207 olecum to guanidine nitrate, This
brings the fuel usagc down to the same order as any of the nitric
acid processes and yiclds of 93, theoretical have beecn achicved
in batch operation in the laboratory, compared with 88 to 9G;
by the existing process.

To develop the olcum process a pilot plant for 1 1b. picrite per hour
has been erected and successfully opcrated, This small scale was chosen
for-reasons of spced and availability of cquipment.

The rcport describes this pilot plant and the results obtaincd with
it, and mokes recommendations for a larger scale unit.

2, DESIGN CONSIDERATIONS.

E.R.D.E. Report 15/R/50 describes the investigation into the conditions
of nitration of guanidine nitrate in sulphuric acid and oleum., One
conclusion from this work is that whatever process is uscd the reconcentrated
sulphuric acid could not bc rc-uscd cconomically bccouse of ammonium bi-
sulphatc formation, and would have to bc cither cracked back to oleum or
disposcd of to industry. On this basis nitrations with olcum which rcquirec
the lowest amount of sulphuric acid as the nitrating mcdium, havc bcen .
studicd, 2Q) olcum being choscn for handling reosons.

Batch nitrations of gunnidinc nitratc in oleum arc impracticablc, but
from this study and a considcrotion of consistencics and grists of products
it has been found possiblc to devisc o continuous process for the conversion
of guaonidine nitrate to picritc.

The proccss is bricfly as follows:=

Guoanidine nitroatc and oloum orc continuously added to & stirred
re-circulated spent ocid held at 25°C. with cooling throughout nitration,
The guonidine nitrate dissolves ond picrite bisulphate crystals arc formed.
This slurry overflows through o scrics of nitrators, with an average total
time of nitration of 2 hourse The slurry then flows to o scparator; the
spent acid is divided, onc portion rccycling to the first nitrator vesscl
to meintain the slurry ot o flowing consistency, the sccond portion going
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to thie diluter togethcr with the separnted picritc sulphate, and being
diluted to 25 sulphuric acid with the wosh water from the final piecrite
woeshing, This dilution converts the picrite bisulphote to picrite which
is then cooled, preferably to belew 0°C. and scparated from the 25.
sulphuric 2cid. y

The picrite is washed on the seporator with the amount of water nceded
for dilution and posses over to the sproy erystallisation process. The
257 sulphuric acid froa the scporator is for rccovery or disposal. This
process is shown in the flow diagrom, Fige 1.

It vas dccided thot the nitrator should consist of a number of stirred
vessels in serices... The larper the number of wvesscls the sanller arc the
chances of unrcacted mnterial passing through the plant, On the other
hand o very large number of vessels con result in some of the fully nitroted
material being held up in the plant for much longer thon the average
nitration time, which is undesiroble since the nitrogusnidine decomposes
slowly in the nitration medium,

The equipment nceded for o 1 1b./hour continuous plant is as follows:=
(a) Continuous guanidine nitrate feed for 1,26 1b,/hour,

(b) Continuous fecd for 1,39 1b,/hour of 20 oloums

(¢) Nitrator, as above,

(a) Continuous centrifuge to handle 1,73 1b,/hour of acid wet
picrite bi-sulphate and 2,125 1b,/hour of liquors

(e) Continuous feed for 1,2 1b,/hour of recycle liquor,
(f) Diluter for 6.9 1lb./hour of dilution mixturce

(g) Continuous centrifuge to handle 6,9 1b./hour of dilution
mixturc, Sproy washing on the centrifuge would be desiroble.

Since the rcacticn wixture in the last stoges cof the nitraticn is a
plurry which does not scttle out rcadily, slow stirring should be adequate
to mrintain the solid in suspension with a minimun of intermixing and by-
passing.

Preliminary experiments carried out in a stirred becler fitted with
& cooling coil and an overflow indicated that the quantity of rccycle liquor
required to maintcin o reasonably flowing slurry wos of the order of 1,2
parts by weight per part of picrite produced. In th¢ short duration of
these cxperiments there was no evidence of icing up on the stoinless steel
coil and a rough mcasure of the hecat of the reaction by mcasurcment of the
increasc in teuperaturc of the cooling water gave a figsurce for the heat
of the rcoction of about 200 ccls./gm. of gusnidine nitrate. It was
apparent that it would not be possiblec to rcmove this heat on the large
sccle by interncl cooling coils in the rcaction vesscls  Since, however,
it should bec possiblc on the large scole to rcuove this heat by cxternal
circulation through ccoling coils it waos felt that this was not a serious
defect in the proccss. On the smell pilot scale cnvisaged there was no
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cguipnent availoble for external circulation; however, owing to a reasonably
favourable ratio of cooling area to volume, it was decided to proceed with
interncl cooling for the pilot plant.

Preliminoary cxperimcnts 2lso showed that therc wes o tendency for picrite
bisulphate crystals to appecar in the mother liguor after centrifuging, which
would moke o continuous feoed on o very smell scoale impossible, It was
therefore decided that the recycle liquor would have to be fed back manually
in small batches when the nitrator copocity would buffer the effect of
irregular feed,

Since therc was no brinc available for cooling the diluter to 0°%C. it
was decided to run it with wator cooling and control tho toTporaturo of the
diluter to 15°C, The increcse in yicld attoinoble by cooling to 0°C, wos
known and could be allowod for,

Experiments showed that there was a tendency for picrite to scparate
out from the wash liquor so that here again dis-continuous feed had to be
used, This however, is not scrious os the diluter wns ande large cnough to
buffer the feced irrcgularitics.

Guanidine Nitrote Feed.

For 1 1b,/hour of picritc the gucnidinc nitratc feed should be 9653 g/
minute. The only ovailable unit was of the screw feed type but was too
lorge to give o steady flow of the required amount, It wos decided that a
continuous feed of the rotating sepuent typce might be more positive and
relioblece A fced unit (Fig. 2) was thorcfore made, the rotor being of
bronze with four 3" holes drilled in it; +the stcinless steel stator is cut
awoy at thce tops The unit was driven ot 6 rcvs/min. by a goarcd synchronous
motor, and gave o feed of 12 gnb/mln. of puanidine nitrate, which rote did
not vary by morc then one part in threc hundred over o period of scveral
hours continuous running., This was satisfactory ond thc sccle of the rest
of the plant was based upon this unit.

Olcun Fecd,

Past expcricnec hod shown that certoin precautions must be token to
ochieve o steady feed of sulphuric acid or olcua on o suall scale, Due to
the very siurll sizc of the orifice the acid must be cffectively filtered before
the orifice to precvent blockoge. The physical propcrtics of strong sulphuric
acid and olcua chonpge ropidly with tcnpcraturc, and teuperature control was
therefore importont; the feed was immersed in o thermostot bath as shown in
FiEo Je

Reevele Ligquor Fecd.

Owing to thc tendency for picrite bisulphate to crystellisc out froa the
recycle liquor on cooling, &s previously mentioned, it was not found
possible to fced this back to the plant continuously,  Mcasurcd anounts were
added ot intcrvels of not more than five minutes froa o graducted separating
funnel, Since therc is considerablc buffer copacity in the nitroator the
discontinuity of this fced is not importonts

/Picritc




Picrite Bisulphote Feed to Diluter,

The mixturc of picritc bisulphate and spent acid to be fed to the
diluter is a pastc and could not readily be fed continuously to the diluter
on this small scale so here agein a monuel feed has to be accepted, Cwing
to the buffer capacity of the diluter, minor verictions in rate of fecd were
not important,

Wash Liquor Feed.

Proliminory experiments showed thot sproy washing on o centrifuge wos
the most efficient woy of washing the picrite so a suitoble sproy operated
by comprossed air was used to wash cach batch of picrite. Sce Fige Le

Diluter Water Pecd,

Therc was o tendency for a small quantity of picrite to scttle out from
the wash liquor which was used in the diluter and o continuous sutomatic
feed was not possible; the diluter liguor had to be fed in frequent small
batches from a separcting funnel,

Nitrator,
Prelininory tests showed that stainless steel is o suitoble nteriol

for this stoge; therefore four circular vessels werc ande in F.D,P. stoinless
steel of 4" external diameter and 42" deep interconneccted as showns

Originally vessels (1) and (2) were botton connceted but it wos found
that the turbo stirrcrs causcd :ixing between then, consequently o top
connection was fitted, The worlking depth of the first vessel is 4 inches
and in the other threc 3% inches, giving a copocity of 870 cece in the first
vessel and 530 c.c. in ecch of the others, The total capacity is therefore
2,460 coco The quantitics fed to the plant per hour were 720 gml, guanidine
nitrate of absolute density approximately 1.5 (= 480 cec.), 800 pm, of
oloun of density 1.9 (= 420 c.c.) and 400 cece Of rocycle liquor, a totel of
1300 c.c. The average tine of contact in the nitrator was thercfore 1.8
hours to which -must be added 0,25 hour averape tiae in the colleetor vesscl
giving a total contact time of just over 2 hours,
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Noe 1 nitrator was stirred with a 2 inch turbo stirrer situated near
the bottom of the vessel rotating at approximately 500 revs/minute, No, 2
nitretor with the same type of stirrer running at slightly lower speed,
Noss 5 and 4 nitrators did not require such vigorous stirring. In these
latter stages mixing of the contents would give rise inevitably to by-
passing of incompletely reacted naterlal The stirrers in Nos. 3 and 4
were therefore of the paddle type 3% inches wide and 3 inches deep with 8
half inch holes and rotating at 15 revs/minute. This type of stirring
prevents settling of the slurry while giving very little mixing.

The nitration collector vessel was a glass beaker of 800 c.c. capacity.,
Centrifuges.

The centrifuges (not designed for this plqnt) were made of stainless
stecel with 7 inch diamcter baskets cach 4 inches deep fitted with an
external water tight casing with & bottom run off. Tho baskcts werc lined
with double twill (240 mecsh) stainless steel gauze, The sccond ccntrifluge
was painted insidec with acid proof paint, No. 1 rotated at 900 revs/minute
and No. 2 at 1900 rovs/minute. The recycle liquor, the 25, H2S0), and the
wash liguor werc collccted in glass mecasuring cylinders of 250 ce.c., 2000 c.ce
and 2000 c.c, rospectively.

Diluter,

Corrosion tests on the week occid showed thot monel metal and lecad were
satisfactory., It was found that the conversion of picrite bisulphate to
25 HpS0), ond picrite was by no mecns instantancous, taking in some coses
over 30 mlnutos to rcach equilibrium, It wes therefore decided to givec an
average contoct time of 1 hour. The total volume rate in this stage of
the process wos approximately 2.5 litres/hour, The vessel itsclf was
5% inches intornal diamecter and 92 inches decp with a contrkl bafflc to
within 3 inch of the bottom, The working dcpths wos 72 inches. Each
comportment was fittcd with lcad coated brass stirrers with blades bent in
alternate directions rotating ot 500 rcva/minutu to give zones of vigorous
stirring without intcrmixing of tho cntire contunts of the vesscl.

Diluter Collcctor Vesscl.

A gloss beaker of 2 litre copacity sufficed for this purposc,

Picrite Vaosh Sproy.

A stoinless stecl sproy which had originally been made for experiments
with fine picritc was found to be suitoblo, (Fige 4)e The rate of spreying
with this was 100 c.c, of watcr/minutc.

No. 1 Nitrator Cooling Coil,

This was of & inch stainless stecl tubing thc two lower turns being
3 inches in diamcter and the upper six turns of 2% inches diameter, top
water being the cooling medium,

/No. 2,
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No, 2 Nitrator Coil,

% inch dismeter stainless steel tubing with 5 turns of 2% inches diameter.

Diluter Coils,

Bach compartment had two loops of 5 inch external dismeter lead tubing,
the immersed length being seven inches in each case.

Je COFERATION OF PLANT.

The plent was set up on o metal grid as shown in Figs. 5 to 8. Oleum
was pumped from the reservoir to the feed vessel and the feed adjusted to
that requireds No, 1 nitrator was filled with 8Q, sulphuric acid and the
stirrer startcd, The 2G- olcum feced and the guonidine nitrate feed were
startcd and the cooling water to No. 1 nitrator adjusted to maintain 25°C,
The nitration mixture overflowed to No, 2 nitrator ond the stirring and
cooling were storted when the stirrer was covered and the temperature

adjusted to 25°¢, This procedure was repeated in No, 3 and No. 4 nitrators.

After about 1j hours rumning the mixture overflowed from the nitrators to
the collector vessels; it contained only very little picrite bisulphate,
No further processing of this was attempted in the early stapges and no
recycle liquor was fed back till the mixture in the nitrators reached the
desired final consistency and composition. The last batch of nitrated
mixture in the collector vessel was then centrifuged and 200 cec. of the
mother liquor fed back to the liquor feed vessel and introduced into No, 1
nitrator in aliquot portions every 5 minutes; 200 ce.c. of recycle liquor

was fed back in this manner every 30 minutcs, The contents of the collcctor

vessel was centrifuged in No. 1 centrifuge every 30 minutes and the cxcess
mother liquor and the picrite bisulphate from the centrifupge were mixed and
fed into the diluter by hand, The diluter was previously filled with 25/
sulphuric acide s soon as the picrite bisulphate fced to the dilutcr was

started dilution water was added from the wash liquor feed at the appropriate

rate to maintain the acid strength in the diluter at 25 and the cooling
water started and adjusted to maintain 15 C.- in the diluter, The dilutcr
then overflowed into the collector beaker and cvery 30 minutes the contents
werc centrifuged in No, 2 centrifuge and the picrite washced with water from
the spray gun, the quantity uscd being such as to give just cnough dilution
water to maintain 25; H280, in the diluter when this wash liquor is uscd

as the dilution liquor,

In all experimental runs the plant was operated for six to cight hours
in order to achicve conditions of cquilibriua before any picrite was
collccted for yicld determinations, In cvery casc the picrite was dricd
in an oven at 70°C. till constant in weighte

af'ter shutting the plant down at the coapletion of a run the nitrotors
were stirred for a further two hours to complete the nitration and the
contents centrifuged in No. 1 centrifugce The scporated picrite sulphate
wes retained and in futurc runs was mode into a slurry with 80- HoS0O), which
was ugsed to fill the nitrators at the beginning of a run. The contents of
the diluter were also retaincd, and in this wey in later runs equilibrium
in the plant was obtoincd in obout four or five hours,
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03“!1;

-k



After two or three preliminary trials to perfect the technique a number
of runs were made of about fifteen hours duration in which yields were
determined over the last eight or nine hours., ill feeds were checked at
the beginning and end, and if any significant variation was noted the run
was discounted. Successful runs were made at a nuiber of ratios of 20
oleum to guanidine nitrate, the results of which are given in Tablec 1,

/Table 1,
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(a)

PHYSICaL DaTea

Heat of reaction - 24 K,cals,per. gn, mol, of G.N,

Heat to ’ Heat to Heat to Over=- Vis- Density
Unit Be Removed | Be Removed | Be Rgmoved all Heat | cosity
at 25°C. at 18%. | at 0°c. Transfor
Nitrator No,1 | 155 cals./ - 80 BTU/ |5 1,68
gle G.N, hr,/sq. | poiscs
Phest OFs
“Nitrator No.2 | 28 cols./ - 8 1,67
gne G.N, poiscs
Nitrator No,3 | very - ¥ e 1,67
szall poises
Nitrator Nosl4 | very - 40 1,67
small poises
Diluter - 125 cals,/ | 195 cals,/ | 160 BTU/ L2
gie G.N. gae G.N,. hr./sq.
ft./Cﬂ.
- 9 -
3ReRET
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L  CONCLUSIONS.

higd Yiclds of the order of 92,5+ theoretical are possible in
continuous nitration of 98, guanidine nitrate with l.1 parts by weight of
2G+» oleun,

L2 Yiclds are low at ratios below 1,12:1, an increase in ratio
increcses the conversion but also incresses the solubility loss, hence there
is an optimuna ratio depending on the time of nitration and other coiplex
factors, e.ge on the form ond operation of the plant. In the 1 1b,/hour
unit described the optimum ratio appears to be 1,12 parts 20 oleua to 1 of
guanidine nitrate,

Lo In scaling wp the process, the wmcin difficulty foresccen is the
cooling of the nitrator,s adequate cooling surface wust be provided ond
icing up avoided, It oppears thaet the former is hardly possible within
the volune of the recacting liquor and will call for external coil cooling
with circulation, Icing up in this cooler might be prevented by circulation
sufficicntly repid to maintain turbulent flow and scouring actions

Lelie Following o discussion with the Escher-Wyss rcpresentative it is
clear that the Ter licer Type continuous centrifuge should be suitable for
the scparation of the pierite bisulphate; other alternatives such os rotory
filters mipght be uscd. The Ter licer typc will not be suiteble for the
final scparction but the Bird type continuous centrifuge should scrve,
perhops with slight wodification (as on the normnl type it is not possible
to scparate the wash liquor from the filtrote),

5« RECOIEND.LTION,

That o lerger scale pilot plant of 50 to 100 1b,/hour be ercctecd at
Walthan .bbey,

”
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COMPOSITION OF SPENT .CID.

A 200 gn. sample of the accumulated spent acid gron the continuous
plant was distilled till the temperaturc reeched 160 C, in approximately
1 hour,, corresponding to about 705 HpS0), concentration, 130 gu, of
distillate was collected ond titrated with Normnl Sodiua Hydroxide giving
a figure, bosed on the original 200 gie of 0,697 total acidity. The
neutralised liquor wes evaporated to dryness, oand nitric acid was estimated
by ferrous sulphnte titration, giving o figure of 0,53, HNO3, again based
on the origincl 200 gne of acid, The original acid residue was distilled,
the finnl teaperature being 310°C,  The distillate of 11 g, was onalysed
for HNO3 in thc same way os sbove and gove 0,07¢ based on the original
200 pm, of acide The final residuc was neutralised with NaOH and boiled
with exccss NaCH, the liberated ammonia being titrated with N.HgSOh.
16,74 NH), HSO), was found in this residucl acid.

To deteruine whether eny of tho nitric acid cane froa the picrite
200 gme of 23y H2S0), made from LeRe HpSO) was takon and 2,0104 gm, of
picrite added, The nixture wos distilled to 160°C, over a poriod of 1
hour and HNOz cstimated on the distillate piving 0,15» on the original acids

Wo can thus conclude thot the free nitric ccid in the original acid
was 0653 = 0¢15 = 0e38ve

From the above the composition of the dilutc acid con be assuwaed to bos=

HpSO), 22462
HNO 0o 36
Picrite Oebv.
Unrcocted Guonidine O 2F
HZO 76. 2‘?

In concentrating the ocid to 707 H2304 the coszposition of the distillate
will be:-

HnS0 Qe 2lur
H%th. 0o 817
Hp0 98695~

The percentoge NHESQ), calculated on 100y HpB30), is 20474

S.NO. 18)-[-. KK.

ot
. M, Noe 491/50
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Fig. 5. Front View of Plant.
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“- l‘, oleum reservoir. 2 - 20% oleum feed tank.

3 - 20% oleum feed in thermostat bath. 4 - guanidine nitrate feed drive motor. 31."5
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Fig. 7.

guanidine nitrate feed.

recycle liquor feed.

1st and 2nd nitrators with cooling coils and turbo stirrers.

3rd and 4th nitrators with cooling jacket and flat blade stirrers.
stirrer drive motors.
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nitration mixture collector vessel.
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Fig. 8. 1 - wash water feed to diluter.
2 - diluter.
3 - cooling colils.
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